Water is the difference between living and non-living and water for drinking should be pollutant free.
INTRODUCTION
It is critical that water, the basic element of life, is contami- In a report entitled 'bringing water to Africa's poor', Dovi () noted that most African communities have no access to clean drinking water. For example, typical Malagasy households had to trek on a daily basis for over 2 km to get water for drinking, cooking, washing and feeding farm animals (Dovi ) . Statistics show that health standards are lowest on the African continent (WHO/UNICEF ). This is generally related to the lack of good quality drinking water in African communities (Shamsu ; UNDP ), which is especially true for Third-world Sierra Leone.
In 2009, UN Development Programme (UNDP) ranked Sierra Leone as the second poorest nation in the world (UNDP ). Poverty affects every aspect of life, including the availability and access to drinkable water. Two-thirds of Sierra Leoneans live over 1 km away from the nearest sources of drinking water that are hardly entirely pathogen free (WHO/UNICEF ).
Water as a universal solvent dissolves more compounds than any other liquid. One of the purest forms of water is obtained by distillation. Although pure water is not always needed for drinking, highly contaminated water is also hazardous to health. The composition of water naturally varies with geographical region and the geologic formation that bears it (Miller et al. ) . Water composition can also be influenced by anthropogenic activity (Schlesinger ) . Water that is contaminated could have limited use in domestic, industrial and environmental processes. In addition, use of contaminated water could enhance disease incidence and limit life expectancy (WHO a).
In the decade-long civil/rebel war, a good fraction of the population of Sierra Leone was forced to drink from well and stream waters across the country. Over a decade after the war, safe water availability and supply is still a monumental challenge in the country. Shamsu () earlier projected that although 80% of Bo Town population could have access to safe water supply by 2010, some 20% will continue to rely on supplies from shallow wells. Thus, this study determines the state of water quality in Sierra Leone using Kakua Chiefdom as a case study. The study analyses selected water quality parameters pertinent to health and epidemic diseases.
Most public water systems in Sierra Leone lack basic technical information like equipment type, management strategy, available logistic, public awareness, etc. Water services are required to provide safe drinking water at low cost, which can only be achieved by building a comprehensive database via regular monitoring, rational operation and functional maintenance services. Hence this study analyses key biogeochemical quality parameters of water in 10 sample wells in Kakua Chiefdom, Bo District. The study appraises the performance of public wells in Sierra Leone and provides critical information on the state of drinking water in the country. This is taking measures to prevent water-borne diseases from developing into unmanageable national epidemics. Tropical rainfall, the dominant form of precipitation, ranges from 5,000 mm in the coastal regions to 2,000 mm in the hinterlands. The seven main rivers of the country are fed by dense networks of tributaries which carry abundant flows throughout the year (USAID ).
Study area
The land cover mainly includes lowland deciduous for- 
MATERIALS AND METHODS
To a large extent, the accuracy of water sample analysis is a function of the collection, handling and preservation methods used. In this study, well-water quality data were collected through interviews, observations and on-site/laboratory analysis (colorimetric tests). Out of 50 catalogued wells in the Kakua Chiefdom study area, 10 (20%) were used in the study. The criteria for well selection included well use, well location, community impact, etc. An inclusive detail of the well selection criteria are summarized in Table 1 . In addition, the full range of water quality parameters tested in the study (in the field and laboratory) is listed in Table 2 .
To ensure quality control during the sample collection, disposable or sterilized reusable equipment were used. As the study involved large diameter wells, a case-by-case purging was done to ensure that fresh formation waters were sampled (Shortt et al. ) . Wells without pumps were purged manually, preferably using bailers already installed in the wells. Wells with pumps were run at high flow for at least 20 min to purge the lines/walls of stagnant water before sampling. The mouth of the pump was then sterilized with alcohol or 10% HCL and the pump run for another 2 min before collecting water samples (CHEMetrics ). In the laboratory analysis, a digital titrator was used to determine chloride (Cl À ) levels in the collected well-water samples.
Digital titrator is a high-precision dispensation device fitted with compact cartridges that contain concentrated titrants for titrimetric analyses in the laboratory, plant or field. While the transmittance photometer was used to determine phosphate (PO 4 3À ) levels, the spectrophotometer (complete with microprocessor data-loggers for field/laboratory colorimetric tests) was 1.00 ± 0.00 12.00 ± 2.00 2.00 ± 1.00 1.00 ± 0.00 1.00 ± 0.00 1.70 ± 0.05 3.00 ± 0.00 2.50 ± 0.50 2.50 ± 0.5 2.00 ± 0.00 2.87 ± 0.41 0.03 ± 0.05 0.00 ± 0.00 0.07 ± 0.05 0.00 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.01 ± 0.00 0.10 ± 0.00 0.00 ± 0.00 0.00 ± 0.00 0.03 ± 0.01
0.00 ± 0.08 0.00 ± 0.07 0.00 ± 0.06 0.00 ± 0.05 0.07 ± 0.04 0.00 ± 0.03 0.00 ± 0.02 0.00 ± 0.01 0.00 ± 0.00 0.00 ± 0.01 0.01 ± 0.00 25.00 ± 5.00 20.00 ± 5.00 33.33 ± 7.64 5.00 ± 5.00 0.00 ± 0.00 0.00 ± 0.29 26.67 ± 7.64 0.00 ± 0.00 0.67 ± 11.55 0.00 ± 0.00 11.074.21 NFC um/mL × 10
À2
8.33 ± 7.64 8.33 ± 2.89 15.00 ± 10.00 6.67 ± 5.77 1.67 ± 2.89 6.83 ± 5.49 13.33 ± 2.89 8.33 ± 7.64 15.00 ± 10.00 10.00 ± 0.00 9.35 ± 5.25 pH -6.73 ± 0.58 6.70 ± 0.01 6.47 ± 0.58 6.77 ± 0.58 6.70 ± 0.08 6.80 ± 0.00 6.53 ± 0.58 6.70 ± 0.08 6.60 ± 0.08 6.67 ± 0.06 6.67 ± 0.26
The well code SRD is for Sewa Road, SRP for Sewa River Plant, DST 
RESULTS AND DISCUSSION

Monthly trend
Figure 2 plots the measured water quality parameters for the months of March, April and May, spatially averaged for the 10 investigated wells across the study area (also see Table 3 ).
The plots in Figure 2 (Table 3 ). The geological/climatic conditions, anthropogenic effects and reactions among the parameters (but also with the bearing geo-matrix) could influence the observed concentrations. Generally, however, the monthly differences in the individual parameters are small (Figure 2 ).
Note also that the values of some of the parameters (e.g., PO 4 2À and non-fecal coliform (NFC)) are the same for two of the three months (Table 3) . Furthermore, note that the data are collected for a short period of time and therefore the temporal analyses here should be treated with caution. This increases health risks for people that depend on the wells for various uses.
Mean temporal trend
The last column of Table 3 gives the values of the measured well-water quality parameters averaged temporally for the months of March through May and spatially for the 10 investigated wells across the Kakua Chiefdom study area in Bo District, Sierra Leone. In the 
Mean spatial trend
The well-by-well values of the analysed water quality parameters averaged temporally for the three months are presented in Table 2 . Based on the average values in the last column of Table 2 , well NYK has the lowest and Dipha Street (DST) the highest values. This suggests that NYK is the least polluted well and DST the highest polluted wells in the study area. The NYK community where well NYK is located is a new emerging section of Bo Town with a sparse, affluent and literate population. Well NYK is also covered with metal sheet, fenced with concrete and has low use intensity due the low population in the community; thus the least contamination. On the contrary, well DST along Dipha Street is in a crowded community that is largely poor and illiterate. The well also has a high use intensity, minimally protected and thus has high contamination. Although some low temperature sites are also on the outskirts of the city, they are generally in proximity with surface river systems, and could be influenced by temperature-moderation effects of surface water on the surrounding micro-environ-
TDS is highest (233.33 ppm) for well DST and lowest (34.70 ppm) for well NYK. FC is highest (33.33 μm/ mL × 10 -2 ) for well DST and lowest (0.00 μm/mL × 10 -2 ) for wells NYK, Cheshire Home (CHE) and SBO. Also NFC is highest (15.00 μm/mL × 10 -2 ) for wells DST and JQS and lowest (1.67 μm/mL × 10 -2 ) for well NYK. The highest NO 3 À (13.03 mg/mL × 10 -2 ) is for well Water Street (WST) and the lowest (3.63 mg/mL × 10 -2 ) for well DST.
Equally, the highest (12.00 mg/mL × 10 -2 ) and lowest (1.00 mg/mL × 10 -2 ) SO 4 2À are for wells SRP and Sewa Road (SRD), Kebbie Town (KTN) and NYK, respectively.
Cl À is highest (72.33 mg/mL × 10 -2 ) for well DST and lowest (6.67 mg/mL × 10 -2 ) for well SRP (Table 3) .
WST, SRD and DST regions all belong to the downtown part of Bo Town, which carries relatively high population density with a diverse social class. Therefore, the tendency for well contamination in the region (e.g., DST, KTN and SRD) is fairly high (Figure 3 ). The J-Quarter and SALWACO wells have low contamination. J-Quarter is government residential area and SALWACO is the responsible company for well-water supply in rural Sierra Leone, meaning that wells under these jurisdictions have low tendency for contamination. However, water wells in the outskirts of the city (e.g., NYK, SBO and JSQ) could be at risk of non-point source pollution from farmlands and processing industries. 
Correlation matrix
The correlation matrix of the water quality parameters in Tables 2 and 3 is given in Table 4 . The highest negative correlation in each column of Table 4 with strongly positive correlations (R ¼ 1.00).
The trends in Table 4 suggest that the occurrence of some water quality parameters could either enhance or suppress the occurrence of some others. For instance, Table 4 shows no correlation between salinity and coliform (FC and NFC), salt is a common preservative widely used especially against microbial decay.
Thus Table 4 can be explained in terms of the effect of the occurrence of one substance on the occurrence of others in the well waters. The full chemistry of these effects is beyond the scope of this study. For safe water delivery, however, treatments for Fe 2þ /SO 4 2À could limit the occurrence of other substances in well waters. Also, while salt generally limits the use of water, the negative correlation it
has with most of the tested parameters suggests that salt as well limits the occurrence of pollutants in well waters.
Coliform (faecal or non-faecal), is commonly associated with various water-borne diseases that could easily develop into destabilizing epidemic conditions. Diarrhoea, typhoid, dysentery, cholera, etc., are common water-borne diseases with seasonal outbreaks (UNICEF/WHO , ;
WHO b), especially in a developing country like Sierra
Leone. Thus the mere occurrence of especially FC in all the investigated wells is a major health concern for the already diseased and poor population of Sierra Leone. It is therefore important that the national health sector, in collaboration with the government, takes required measures to completely eliminate health risks in all drinking water supplies across the country.
CONCLUSIONS
In this study, water samples from 10 representative wells in the Kakua Chiefdom of Bo District are analysed for 18 water quality parameters. Based on the national standards, the well waters are slightly contaminated for drinking and other uses -a source of water-borne infections and diseases in the country.
Well-water quality can be influenced by the bearing geomatrix, anthropogenic factors, or both. The diverse occurrence of so many of the tested parameters confirms that well-water quality in the study area is a function of the bear- 
